Background: HBV vaccination is recommended in HIV-infected adults with CD4+ cell count >200/mm
Introduction
The human immunodeficiency virus (HIV) and hepatitis B virus (HBV) share similar risk factors and routes of transmission, resulting in a high prevalence of co-infection, particularly in resource limited countries [1, 2] . The progression of chronic HBV to cirrhosis, end-stage liver disease, and hepatocellular carcinoma is more rapid in HIV-infected individuals than in those with chronic HBV alone [3, 4] . Vaccination against HBV is strongly recommend in HIV infected persons who have CD4+ cell count ≥200 cells/mm 3 [5, 6] , although the efficacy of hepatitis B vaccine in HIVinfected adults is low, i.e., from 33.3% to 65% [7] [8] [9] [10] compared with more than 90% in HIV-negative healthy adults [11, 12] . HBV vaccination responses vary directly on CD4+ counts [10, [13] [14] [15] . The HIV-HBV International Panel recommends that vaccination should not be attempted in participants with CD4+ cell counts <200 cells/mm 3 as protective immune response is poor in these participants. Combination antiretroviral therapy (cART) should be started first and HBV immunization should be delayed until the CD4+ cell count has increased to above 200 cells/mm 3 [16] . Several approaches have been investigated to improve HBV vaccine responses, e.g., higher dose [15] , increased frequency [9, 17] , increased dose and frequency [10, 14] , or intradermal injection [10] . However, there was a heterogeneity of populations and a mix in the responses to HBV vaccination among those studies, as well as the technical issue of multiple intradermal injections of vaccine. Therefore, up to date there remains no conclusive evidence to make firm recommendations regarding optimal doses, routes, and frequency of HBV vaccination in HIV-infected individuals. In Thailand, the current clinical practice guidelines, endorsed by the Royal College of Physicians of Thailand, recommends giving three intramuscular injections of 20 µg of recombinant HBV vaccine at months 0, 1, and 6, to all adults regardless of underlying diseases and immune status [18] .
The primary objectives of this study were to evaluate the efficacy and safety of the HBV vaccination regimens using either four standard doses or four double doses compared with the current standard regimen of three doses in HIV-infected adults in northern Thailand. The secondary objectives were to evaluate the geometric means of anti-HBs titers and the percentages of responders with high level of immune response among those three HBV vaccination regimens.
Methods
The protocol for this trial including English translation and supporting CONSORT checklist are available as supporting information; see Protocol S1, Protocol S2, and Checklist S1.
Study design and participants
A randomized, open-label, controlled trial, 1:1:1 allocation ratio was conducted at Chiang Mai University Hospital, Chiang Mai, Thailand between February 4, 2011 and May 4, 2012. Participants were eligible to participate if they were adults with HIV-1 infection, ≥18 years old, had a CD4+ cell count >200 cells/mm 3 , undetectable plasma HIV-1 RNA, were negative for hepatitis B surface antigen (HBsAg), antibody to hepatitis B surface antigen (anti-HBs), and antibody to hepatitis B core antigen (anti-HBc), had no history of previous vaccine, were negative for antibody to hepatitis C virus (anti-HCV), had no active opportunistic infections (at the time of screening), and were willing to sign an informed consent and able to return for follow-up.
The exclusion criteria included pregnancy or lactation, history of hypersensitivity to any component of the vaccine, active malignancy receiving chemotherapy or radiation, other immunocompromised conditions besides HIV (e.g., solid organ transplant), received immunosuppressive (e.g., corticosteroid ≥ 0·5 mg/kg/day) or immunomodulating treatment in the last six months before screening visit, had renal insufficiency (creatinine clearance <30 mL/min), decompensated cirrhosis (Child-Pugh class C) [19] .
Written informed consent was obtained before enrollment. The study was approved by the Research Ethics Committee 1, Faculty of Medicine, Chiang Mai University and the Human Experimentation Committee, Research Institute for Health Sciences, Chiang Mai University. Awaiting the official approval letters from both ethic committees led to a brief delay in registration to the ClinicalTrials.gov (NCT1289106, 1 February 2011); however, subject enrollment was started right after the trial approval and registration.
Data collection
Baseline demographic data at the time of screening were recorded including age, sex, weight, height, HIV exposure category, history of smoking, history of alcohol drinking and underlying disease. Medical data included time elapsed since HIV diagnosis, duration of cART, current cART regimen and history of HIV drug resistance. Baseline laboratory data included CD4+ cell count, plasma HIV-1 RNA, serum creatinine, HBsAg, anti-HBs, anti-HBc and anti-HCV.
Randomization and masking
JP prepared a list for randomization to one of the three arms in a 1:1:1 ratio with a block size of 6 using sequentially numbered containers. Randomization was not stratified by any characteristics.
Participants, investigators, laboratory technicians, and statistician were not masked to the treatment allocation.
Interventions
Participants were randomized (1:1:1) by block of six into 3 groups: 1) the "Standard doses group" receiving three intramuscular injections of 20 μg of recombinant HBV vaccine (Hepavax-Gene ® Berna, Korea) at months 0, 1, and 6; 2) the "Four doses group" receiving four intramuscular doses of 20 μg of the same vaccine at months 0, 1, 2, and 6; or 3) the "Four double doses group" receiving four intramuscular double doses (40 μg) at months 0, 1, 2, and 6. The vaccine was injected into the deltoid muscle on patient preferential arm except in the Four double doses group which the vaccines were injected on both arms. The window period of vaccination was ±7 days. Blood samples were collected prior to each vaccination at months 0, 1, 2 (only for the Four doses and Four double doses group), 6, 7, and 12. The window period for anti-HBs titer at month 7 was ±14 days. The window period of anti-HBs titer at month 12 was ±30 days.
Safety Assessment
Participants received a diary for self-record of adverse events after vaccinations. The diary contained checklists of occurrence and severity of local reactions at the injection site (redness, swelling, and pain), systemic reactions (fever, headache and fatigue), other adverse events during the ten days after vaccination, and an open field for any adverse event during the rest of period before the next vaccination.
Laboratory Assays
Quantification of anti-HBs titers were performed on collected sera at the Research Institute for Health Sciences laboratory, Chiang Mai University, using a standardized assay (Microparticle enzyme immunoassay; AXSYM, Abbott, USA; sensitivity 100%; specificity 100%). Samples were tested by technical staff blinded to vaccine group allocation. Samples with titers of more than the upper quantification range of the assay were retested after dilution. HBs Ag, anti-HBc, and anti-HCV were determined by qualitative chemiluminescent microparticle immunoassay (CIMA; Architect ® , Abbott, USA). The CD4+ cell counts were determined by a fluorescenceactivated cell analyzer (FACScan ® System, USA). The plasma HIV-1 RNA was measured by COBAS AMPLICOR HIV-1 Monitor Test (version 1.5, Roche, Switzerland), with the lower limit of detection of 50 copies/ml.
Statistical Analysis
The primary efficacy endpoint was the percentage of responders (participants with anti-HBs titers ≥10 mIU/mL, levels presumptive for seroprotection) at one month after the last dose of vaccination (month 7). Secondary endpoints included the percentage of participants with seroprotective antiHBs titers at months 1, 2 (for the Four doses and Four double doses groups), 6, and 12; the percentage of high-titer responders (participants with anti HBs titers ≥100 mIU/ml) at months 7 and 12; and the geometric means of anti-HBs titers at months 1, 2 (for the four doses regimens), 6, 7 and 12. The frequency and intensity of local and systemic adverse events were analyzed as safety endpoints. The intention-to-treat analyses were performed at the end of the study.
We tested whether the immunogenicity of either of two alternative vaccination regimens (Four doses and Four double doses groups) was higher than that of the Standard doses group. With the estimated seroconversion rates of 50% among the Standard doses group and 80% among the other two groups, the number of participants required in each group was 41 to detect such differences with a power of 80% and the level of significance of 5% (2-sided). To account for 5% loss to follow-up, a total of 44 participants in each group were recruited to the study.
Comparison of baseline characteristics between groups was performed using Chi-square test or Fisher's exact test for categorical data and Student's t-test or Mann-Whitney U test for continuous data. Proportions of participants with seroprotection, high-level responders, or adverse events between groups were compared using Chi-square test. Factors associated with achieving seroprotective antibody and high-titer antibody were tested in univariate models that included age, gender, mode of HIV transmission, underlying diseases, duration of HIV diagnosis, cART regimen and duration of therapy, history of HIV drug resistance, alcohol consumption, smoking, body mass index, CD4+ cell count, and creatinine clearance. Factors with the P-value <0.10 from univariate analysis were then tested in a multivariate logistic regression model. All statistical analyses were performed using Stata statistical software version 10.0 (Stata Statistical Software: Release 10.0, Stata Corporation, College Station, TX, 2007). A two-sided test was used to indicate statistical significance at a P value of <0.05.
Results

Study participants
Between February 4, 2011 and May 4, 2012, a total of 151 HIV-infected adults were screened for eligibility; 19 (12.6%) were excluded due to the presence of low level (<10 mIU/mL) of anti-HBs (8); plasma HIV-1 RNA >50 copies/mL (4); antiHBs ≥10 mIU/mL (3); CD4+ cell count ≤200 cells/mm 3 (2); antiHBs ≥10 mIU/mL and positive for anti-HBc (1); and decline to participate (1) . One hundred and thirty-two HIV-infected adults were randomized (44 each) to the Standard doses group, Four doses group, and Four double doses group (Figure 1 ). All 132 randomized participants received assigned vaccination and completed follow-up visits.
Demographic and clinical characteristics of participants by vaccination regimen were shown in (Figure 3) .
At month 7 and 12, the geometric means of anti-HBs titer were 257.6 mIU/mL (95% CI, 92.2-719.3) and 41.0 mIU/mL (16.8-100.1) in the Standard doses group; 833.9 mIU/mL (371.0-1874.5) and 128.9 mIU/mL (57.7-287.9) in the Four doses group (P=0.076 and 0.051 vs. the Standard doses group); and 1191.1 mIU/mL (576.2-2462.5) and 186.4 mIU/mL (103.0-337.2) in the Four double doses group (P=0.020 and 0.007 vs. the Standard doses group), respectively ( Figure 4 ).
Factors associated with achieving a protective antibody level (anti-HBs ≥10 mIU/mL) was elapsed time from HIV diagnosis to antiretroviral therapy < 3 months. (Table 2 ). Multivariate analysis showed factors associated with a high titer level (antiHBs ≥ 100 mIU/mL) were vaccination schedule (OR for the Four doses group vs. the Standard group = 3.71, 95% CI 1.27-10.85, OR for the Four double doses group vs. the Standard group = 6.19, 95% CI 1.81-21.21), and younger age (For every 5 years younger the odds of achieving high titer level increase 53%, 95% CI 8%-116%) ( Table 3) .
Safety
The adverse events of each vaccination regimen are shown in Table 4 . 57 of 132 participants (43.2%) reported at least one adverse event. The most common adverse events were pain at injection site (42.4%), fatigue (10.6%) and swelling at injection site (10.1%). The occurrence of pain at injection site was significantly more common in the Four double doses group comparing with the Standard doses group (P=0.017). There were no serious adverse events related to any vaccination regimen.
Discussion
Previous studies consistently showed that persons with HIV infection have an impaired response to HBV vaccine, with the response rates between 33.3% and 65% after standard HBV vaccination schedules [7] [8] [9] [10] . In contrast, our study demonstrated that the percentage of responders to HBV vaccination in HIV-infected adults was 89% in those receiving the standard HBV vaccine regimen; this response rate is almost as high as that achieved in non-HIV healthy adults [11, 12] . Many factors have been shown to have an impact on the response rate including a high CD4+ cell count [10, [13] [14] [15] , the use of cART [13] , female sex [10, 13, 14] , low or undetectable plasma HIV-1 RNA [10,13-15], younger age [10] , non-smoking [10] , and longer duration of cART [13] . The HIVinfected participants enrolled to our study had CD4+ cell counts of more than 200 cells/mm 3 , undetectable plasma HIV-1 RNA, and most were female. These factors, in particular the undetectable plasma HIV-1 RNA, may lead to the high response rate in our study. In the subgroup analysis of a study by Launay et al, the response rate of standard HBV vaccine regimen was 65% in participants with HIV infection who had CD4+ cell counts of more than 200 cells/mm 3 and undetectable plasma HIV-1 RNA [10] . However, the response rate of standard HBV vaccine in this study was still lower than ours with similar subset of the HIV-positive population. Interestingly, a study from Thailand by Paitoonpong et al also found a considerably high response rate of 71.4% in Thai HIV-infected adults with undetectable plasma HIV-1 RNA [20] . This study had 60% of female, which was similar to our study, in contrast to 32% in the study by Launay et al [10] . This raises a possibility of gender, racial, and/or small body size influences on the vaccine response that Thai or Southeast Asian population may have a better response to standard HBV vaccination. Nonetheless, we failed to demonstrate that female gender and lower body mass index were associated with higher vaccine response rate. The only factor we found associated with higher response rate at month 7 from the univariate analysis was the shorter elapsed time from HIV diagnosis to antiretroviral therapy. It is uncertain for the reason as well as the clinical implication of this finding.
To improve the vaccine efficacy, several studies have found that increasing frequency and/or dosage of HBV vaccination can increase response rate in HIV-infected individuals [9, 10, 14, 15, 17] . A study by Fonseca et al showed that giving a double dosage of HBV vaccine statistically improved seroconversion only in HIV-infected adults with CD4+ cell count ≥350 cells/mm 3 and low plasma HIV-1 RNA (64.3% vs. 39.3%; P=0.008) and they recommended to use a double dosage as a primary vaccination series when these criteria are met [15] . Our study confirmed that giving four double doses vaccination produced a higher response rates of 95.5% and 88.6% at month 7 and 12, compared to 88.6% and 70.4%, respectively, using the standard vaccination; we could only demonstrate a marginal statistically significant difference at month 12. However, doubling the vaccine doses may be problematic in clinical practice since it would also double the cost as well as adverse events. We, therefore, added another group that increased only the frequency of vaccination but used standard vaccine dosage (the Four doses group). Although the response rates in this Four doses group were higher than the standard doses group (93.2% vs. 88.6% at month 7 and 86.4% vs. 70.4% at month 12), these were not statistically significant (P=0.713 and 0.119, respectively).
Interestingly, the results of this study showed that increase frequency and dosage of HBV vaccine can increase the level of anti-HBs titers as well as the high-titer response rate (anti HBs ≥100 mIU/ml), in particular at month 12 of vaccination. This Table 2 . Predictive factors from univariate analyses for responder (anti HBs ≥10 mIU/ml) at month 7.
Factors
Responder † (n=122) Non-responder (n=10) Unadjusted P-value observation was similar to that in the study by Porsch et al [21] . However, the clinical significance of the higher antibody titer is still uncertain. Previous studies in immunocompetent individuals showed conflicting results regarding the high-titer response rate and the long-term immunogenicity of HBV vaccine. Some studies found that high anti-HBs titers after HBV vaccination are associated with lifelong immunity [14, 22, 23] , but some showed that despite antibody decline or loss, immune memory exhibits long-term persistence, and booster doses of vaccine do not seem necessary to ensure long-term protection [24] [25] [26] . Until now, the importance of high anti-HBs titer after vaccination remains inconclusive, especially in immunocompromised hosts such as HIV-infected participants. Our study also confirmed that HBV vaccine is safe and well tolerated in HIV-infected participants. Although the local adverse effects were more common with increased frequency Abbreviation: cART, combination antiretroviral therapy; NNRTI, non-nucloside/nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; IFG, impaired fasting glucose a Defined as no more than 1 drink per day for women and no more than 2 drinks per day for men b Defined as consuming an average of more than 1 drink per day for women and consuming an average of more than 2 drinks per day for men c Defined as fasting plasma glucose from 5.6 mmol/L (100 mg/dL) to 6.9 mmol/L (125 mg/dL) † High-Level Responders is defined as antibody to hepatitis B surface antigen (anti-HBs) ≥100 mIU/ml ‡ Low-level Responders is defined as antibody to hepatitis B surface antigen (anti-HBs) 10-99.9 mIU/ml doi: 10.1371/journal.pone.0080409.t003
and dosage of vaccine, the systemic and serious adverse events were extremely rare in our study as well as in other studies in HIV-infected population [10, 15] . The strength of our study was the 100% retention rate with zero mortality rate. This may be explained by the intensive counselling by the study team, good patient-healthcare provider relationship, and participants' realization on the importance of HBV vaccination as well as antiretroviral therapy. However, our study had some limitations. First, the study included only HIV-infected adults with CD4+ cell counts >200 cells/mm 3 and undetectable plasma HIV-1 RNA. The results could not be applied to those with low CD4+ cell counts and detectable plasma HIV-1 RNA. A prospective study in these special situations may be needed. Second, we did not design the trial to compare the response rates between the Four doses group and the Four double doses group. Although we found similar response rates, the comparison of the results between these two groups may not be possible due to the inadequate sample size. A large multicenter, randomized controlled, non-inferiority trial is necessary to compare the response rates between these two vaccination strategies. Third, our study was designed to follow-up the participants until 1 year after the first dose of vaccination. As mentioned above, the importance of high anti HBs titers in HIV-infected participants remains uncertain; longer term of follow-up should be done to determine whether the participants with higher anti HBs titers have longer period of protection.
In conclusions, in northern Thailand, the standard HBV vaccination in HIV-infected adults with CD4+ cell counts >200 cells/mm 3 and undetectable plasma HIV-1 RNA is highly effective. Regimens of four injections of either standard or double doses may yield small increase in the response rates and longer term of protection as well as can induce higher levels of antibody to the virus. However, the clinical significance of the higher antibody titer in HIV-infected individuals is uncertain.
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